The growth of hydroxyapatite, a calcium phosphate, on silica particles prepared by the sol-gel method is reported. The size of the silica sols was controlled by changing the pH of water before the mixing with the alcoxide. Particle size profiles of sols were obtained by using dynamical light scattering. The characterisation of the composites, of nanometer sizes, was performed by employing X-ray diffraction, scanning electron microscopy and Raman spectroscopy.
INTRODUCTION
Hydroxyapatite (HAp) is the main inorganic constituent of bone and an interesting natural apatite with many potential applications which have not been explored in detail yet (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . One of the most relevant properties of HAp is its high resistance to be solubilized in water, which, together with the cellular structure of natural bone (2, 9, 10) , produces an excellent biomaterial. This characteristic has motivated the development of various technologies for producing HAp coatings on a number of substrates, ranging from metals to ceramics and polymers, with limited success due, among other technical reasons, to the poor interfacial adhesion. On the other hand, synthetic HAp presents poor mechanical properties, for most synthesis routes produce a fragile material with very low fatigue endurance. This is the main reason why the latest trend in biomaterials technology is to prepare HAp-based composites, which could conveniently combine the biocompatibility of HAp with the mechanical performance of other engineering materials. Accordingly, in this contribution, the production of a composite, of nanometer scale, obtained by growing synthetic HAp onto silica particles produced by the sol-gel method is presented, along with the corresponding characterisation.
EXPERIMENTAL
Silica particles were prepared by room temperature mixing of 0.516 mol of ethanol (reactive grade) and 0.067 mol of tetraethyl ortosilicate (TEOS, Aldrich Chern. Co). Separately, 0.269 mol of CO 2 -free tri-distilled water was mixed with 0.516 mol of reactive grade ethanol. The two solutions were mixed under constant agitation. The final mixture was heated until the reflux condition was reached (76°C) and held at this temperature for different reaction times, until the particle size attained its steady state condition. The final molar composition of the system is 1:4:12 TEOS:water:ethanol. Dynamic light scattering (DLS), used to determine the particle size of sols, was performed in an experimental set-up detailed elsewhere (11) using a LEXEL 75 Argon laser (Ao = 488 nrn), focused with a beam diameter of 100 microns. A standard borosilicate cuvette (10 mm light path) was used as scattering cell at 90 0 .
The scattered light was focused by an optical system onto a Photo-Multiplier Tube (ITT model FW 130) and processed in a digital correlator (Brookhaven Instruments 9000). The data was fitted by using the first two cumulants in a cumulants expansion of the time self-correlation function (12) . Once the silica sols were obtained and characterised, an aqueous solution of Na 2 HP0 3 and CaCh was added to the sol solution under strong agitation. The mixture was kept at 37°C for 7 days until a precipitated was observed. Additional calcium and phosphate were added to keep the salt concentration near saturation. The system was heated at 90°C for 3 days. Finally, the resulting sediment was removed from solution and dried at 60°C under vacuum conditions. A Zeiss DSM-940A scanning electron microscope was used at 15 keY to characterise the morphology of the gold-covered samples. Wide-Angle X-ray Scattering (WAXS) diffractograms were obtained in a Philips machine at a scanning rate of 2°/min. Raman spectra were obtained in a FT-Raman Nicolet 910 bench equipped with a Nd:YV04 laser (1-0 =1064 nm) in the spectral range 100-3400 ern". Figure 1 shows the particle size distribution vs. time of the silica sols before the growth of HAp was induced via the immersion in the saline solution. As observed there, the size of the cores for the composites is within the nanometers range. It is interesting to notice the size oscillations of the sol particles, effect reported before and due to the self-catalytic nature of the reaction (13-15). However, after those oscillations, the size remains constant, as observed in the graph. Thanks to this effect, a good control of the particle size distribution can be achieved. Figure 2 (b) , indicate that the HAp peaks in the prepared composites are much broader, reflecting the very small particle size attained, of the order of nanometers. The composition of the nanocomposites is also corroborated by the Raman spectra of Figures 3(a) and 3(b) , which correspond to that obtained from the solution and from a commercial pure HAp standard, respectively. · ., ... Figure 4 shows the morphology of the final nanocompositcs, where both the growth of the HAp phase out of the sol particles and the scale of the structures formed can be appreciated.
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Vol 5 No 1 1996 Due to the presence of active chemical groups on the surface of sols used as cores for the final composite particles, the interfacial adhesion is extremely good, to the extent that the epitaxial growth of HAp was observed. These results open the possibility not only of producing adequate ceramic nanocomposites precursors for bulk applications, but also the opportunity of preparing other core-shell ceramic structures with a good control of the microstructure and composition.
